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ABSTRACT

. The perturbation vectors of waves'up'and down-
stream from the region of max1mum compress1on in the

'7bow shock’ were exam1ned on OGO 5 under part1cu1ar1y

:_[fsteady solar wind cond1t1ons - The polar1zat1on of

o the upstream waves-was RH,‘c1rcu1ar and of the. down--.;3fltff

'stream waves LH, e11iptica1 in the spacecraft frame
d By observ1ng that the po]ar1zat1on of the waves‘c'"-

rema1ned unchanged as the shock mot1on swept the

L::wave structure back and forth across the sate111te'd'

‘Athreevt1mes-1n e1ght m1nutes, 1t was - found that the

f_rwaves were not stat1onary 1n the shock framo‘ ’AT'“’

study of the methods of determ1n1ng the shock normal

"i1nd1cates that the norma] est1mated from a'shock mode]j

"sthould be super1or to one’ based upon magnet1c cop]anar—hﬁ*ﬁi“

1ty, The propagat1on vectors of the waves exam1ned
T did not_co1nc1de with the shock mode]_normal, the .

'_average magnetic'fier; or-the'pTasma:flow"ve1ocity‘

However, the maJor axis of the po]ar1zat1on e111pse of,’;"’

~the downstream wave was near]y paral]e] to the upstream[;lh-l'

- propagat1on vector



1. INTRODUCTION
The earth's bow shock is a complex, neariy.station-7'f
. ary wave pattern in the earth's reference frame.nfDetails

of~the wave pattern differ‘significant]y from onevcross-

'V,Ing to another "In many cases the spacecraft observes'

a c]ean trans1t1on, w1th a rap1d rise of the magnetlc
f1e1d in- the order of one to a few seconds as ‘one. pro-"

ceeds from the 1nterp1anetary med1um to the magnetosheath'

'wh1]e in other tases the'trans1t1on extends over a m1nute i

or more and lacks the regu]ar1ty observed in. the f1rst

type (c:. Greenstadt et al ; 1970 and . references there—

‘Hirin) In the present study, we sha11 be concerned on]y

'w1th the f1rst type of shock tran51t1on A prom1nent

-‘feature of this type of shock is- that ‘nearly monochromat1c_gi

waves are superoosed on the amb1ent fle]d and are. common-hzi

cﬂ_1y observed both up and downstream frOm the reg1on of

"rap1d compress1on of the magnet1c f1e1d The precursor “.-i

4e waves have amplltudes of the order of one gamma and 11e

1n the frequency range from about 1 to 5 dz, while’ the

:'fdownstream waves have 1ower frequenc1es of the order of
nO 3 Hz, and amp11tudes of several gammas |

| In th1s study, an attempt 1s made to determ1ne' g

V_“which features are statlonary in the shock'frame=»7If;;;*f7 -
}for examp]e, 1t were poss1b]e to demonstrate that a'- .
.:wave such as the precursor 1s stat1onary 1n the shock_

Zframe, it would be highly usefu]_ln.eﬁtend1ng stud1es )

v



Hof shock;motioh beyond the Observatton'of'the’tntera'A”
va]s_between shock'crossings; and permit the examinfe
' ation of higher frequency motjons.of the shock.

Waves that are stationary in the shock frame1
up and doWnstream'from'the.shock are predicted;by _
l_ laminar shock theor1es (Sagdeev, 1962 Karpman, 1964~
‘ehCrev1er and T1dman, 1970).' The pred1cted wavelengthsl

~ are comparablefwith the th1ckness_of ‘the shock front.

- However, thesehlaminar,theories_do_not-app1yij tur-

'-bulent h'1'V9h'MaCh number shocksVTikerthe.bow Shock W

- For these th1n shocks, the character1st1cs of up and

:vdownstream waves . have been stud1ed theoret1ca11y by

_7yT1dman and Northrop (’908) »and by Perez-and Northr0p~gh""

B 1(1970) under the assumpt1on that the shock 1s th1n" -

-fcompared to the wave]ength by ]1near1zed theory

' waves are pred1cted to occur: superposed on the amb1entiﬁ
| .up and downstream magnet1c f1e1ds Th1s theory says f

noth1ng about tne shock structure or how the d1ss1-:.

. pat1on occurs, but mere]y connects the wave characteraﬁg[‘“

'-1st1cs w1th the averaged (over a- wave]ength; magnet1c

f1e1ds v Trave111ng waves are a]so pred1cted to occur‘f -

"11f the th*n current sheet represent1ng the shock is .

‘;'taken as. unsteady As w111 be descr1bed below, the f;ﬁ:a

' near]y monochromat1c waves that have been observed

" are not stat1onary They are trave111ng,‘and may

. poss1b1y be of 1ong enough wave]ength for the th1n :}



-shock mode] to apply However; these waves seem not
to ‘be propagat1ng normaIIy to the shock and the work
~of T1dman, Perez, and Northrop wouId have to be ex-
tended A . N _' B |

" The method used to test the statlonary character .

- of wave structures was to seIect an 1nterva1 when the

'-Tfshock was close to the observ1ng spacecraft and when L

osc1IIat1ons of ‘the: shock surface repeated]y carr1edif'

:1t across the spacecraft Stat1onary structures (not~335r55

~monochromat1c waves) can be 1dent1f1ed by observ1ng

the same features in reverse order as the shock moves-‘a

~to and fro- The tlme_scaIes of_the to and fro mot1ons:' -

fmay'differ- In the'case‘of nearIy.monochromatic'sta—f'

'»[_t1onary waves one m1ght expect to observe changes in "'k;'hlk

.bfapparent frequency in the sate111te frame w1th the
.tosc111at1on of the shock LA cr1ter1on for a stat1onary
iftransverse wave. w1th c1rcu1ar or e111pt1ca1 poIar1za-7r
'-t1on is the reversal of the apparent d1rect1on of |
’Irotat1on of the magnet1c vector 1n the spacecraft
:.frame ‘as the ve]oc1ty of the shock passes through zero(
,vThese methods did not produce any exampIes of stat1on—ﬁ;
ary monochromat1c‘waves The observed monochromat1c:nk'
Awaves vere a]] def1n1te1y mov1ng rap1dIy compared to.w;

'V'the shock veIoc1ty

II EXPERIMENT DESCRIPTION
To study these waves We shaII use data obta1ned

}fdby the UCLA quxgate magnetometer rown on board OGO :.5




This magnetometer’has been described in detail by Snare.
and Benjamin (1969) and Aubry et al. (1971) and only a

few-re]evant details wi]) be repeated'here. The'mag-

. netometer makes one, comp]ete triaxia1 sample of the

| magnetic field during each main commutator cycle of
the spacecraft - At the 8 k110b1t per second te]emetry
ifrate, there are approx1mate1y 7 samp1es per second

.The correspond1ng Nyqu1st frequency is 3 472 Hz forg o

7each ax1s and the tota] f1e1d Each sensor can: reso]ve“g”'

A the f1e1d to 1/8 gamma and thus can prec1se]y fo]]ow

'h f1e1d changes However, the abso]ute accuracy 1sf-_' B

11m1ted by spacecraft f1e1ds and sensor drifts. .'The__g

':‘.; bas1c magnetometer response 1s band ]1m1ted by a fourths;vh

:order ]ow pass. f11ter wh1ch has 8 db attenuat1on_at o

- half the Nyqu1st frequency, 20 db attenuat1on at . theh"':"

g Nyqu1st frequency and 40 db at tw1ce the Nyqu1st fre—q;"

h‘yquency and thus obeys the Nyqu1st samp11ng cr1ter1on

We shall be- d1scuss1ng in th1s paper data obta1nedf'
on the’ 1nbound segment of orb1t 2 of. OGO 5 when the _*f
'hsate111te passed through the shock three t1mes in":

'rap1d succe551on The three cross1nqs were: part1cu;
A 1ar1y clean in the seoarat1on of upstream and down-'
stream wave tra1ns 1nto high and 1ow frequency reg1mes:‘
.-The sate111te was 1ocated at ]3 91 -7 12, 9.60 R In_
_oeocentr1c solar ec11pt1c (GSE) coord1nates (For_ad

descrlpt1on of coordlnate systems_see Russe]l, 1971.) -

g D



 Before dtscussing the character of'thesevwave
trains; we-sha]] consider the determination of the
“shock norma] and the quest1on of cop]anar1ty across
.the shock front essent1a1 to pred1ct1ons concern1ng'>

these waves

" II1. SHOCK NORMALS AND COPLANARITY

AThere are severa1 ways to esttmatehthejunit nofmale
o VectOr h;:‘Any cho1c° of n shou]d sat1sfy n -»(§ § ) =

i»:O,whene §] and g are the up and downstream average o
"fiefds’respect1ve1y Th1s cond1t1on on]y determ1nes:;4f-'.
! p]ane in wh1ch n 11es - | o .

| One method is to use ‘a mode] norma1 n. dné-df'

- the s1mp1est mode]s to use 1s that of an earth cen-,ii"
“:tered con1c sect1on w1th az1mutha1esymmetry_about the:ef.nf
'..earth sun. 11ne : Soch'a conhetisdescribedhby;the'}fleLj

”equat1on S
L

aJ+ecose'

'f'where r is the rad1a1 d1stance to the shock e is
the eccentr1c1ty, 6 is the sun- ea.th—sate111te ang]e‘hg h
i”and f 1s the rad1a1 d1stance of the shock on the
'dawn dusk p1ane - We shall ca11 th1s Mode] A

Th1s mode] has the advantages that 1t is: easy

to f1t and that it has an obv1ous sca11ng factor ;f.“"



Changing J?Changes the size of the shock.everywhere hy:
the same fraction For a gﬁren radial‘direction, the
norma] to the fam1]y of such surfaces with. constant €
is 1ndependent of,g the angle between the normal and'
:1t;the radial direction being given by.

es1neJ
scose

Tes tan” []+

" ‘The d1sadvantages of th1s mode] are that it 1s L
'earth centered wh11e the shock is not necessar1]y

'-earth centered and that a change 1n the shock pos1-»77~

:t1on may 1nvo]ve a change 1n the eccentr1c1ty as we]]f'

~as the sca]e size.

Us1ng OGO 1 observat1ons of- the shock front, and

w:h 1east square f1tt1ng these positions to the above”

~model we obta1n e = 0. 7 and .ﬁ- 23. 5 for the 06G0- ]"
:data For the three cross1ngs stud1ed here ,Q_ 28 1 ﬁ"‘
and e is reta1ned as 0 7 | | | ‘
A second mode] has been 1ntroduced by Fa1rf1eld

(1971) Th1s mode1 aga1n assumes az1mutha] symmetryv}'
It s descr1bed by an equat1on of the form:
Sy AT+ 312 + CY o+ DX + E-=_jo'f )
'ThiS’curVe is not earthecentered bUt on“the othen handuf

1t does not have an obv1ous scallng parameter ' Thus,

7to determ1ne a norma] from th1s mode], we have extra- ;3'-'h"

"po1ated observed.shockmlocat1ons_along-the,radnus

£



vector to this average shock position and calculated
the normal to the average shock there. We shall call
this Model B.

A second method is to use magnetic field coplan-
arity (see for example Colburn and Sonett, 1966).

Magnetic coplanarity means that §], §2 and n are coplanar:

" (§1x§2)x(§2-§])

te T @B x (3,80

which by its definition satisfies n

< - (B-B,) = 0.
Sufficient conditions for magnetic coplanarity are that
a certain moment of the distribution function f vanish
up and downstream, that there be no fluctuations with
time of the fields up and downstream, and that the com-
ponent of electric field normal to the shock also vanish.
Let the X-axis be normal to the shock and directed
downstream, the Y and Z ages being in the shock plane
with §],in the X-Z plane. Choose a frame of reference
such that 7] also lies in the X-Z plane (this can always
be done through order v/c by a transformation to a

frame moving parallel to Y). The momentum moment of

the Vlasov equation then predicts (see Tidman and Krall,

1971) from its Y component that:

3 1 ’
? efd vmv v f - 41T(EyEX+ByBX)

is the same up and downstream. If the distribution

function f up and downstream has such symmetry that the



integral vanishes (as is the case for Maxwellians) then:

(E/E,+B,B ) =(E,E,+B B ),

Ofj<y X

But B = 0, and Ex] 0 because E + x B =0 in the

yl
absence of fluctuations. Thus:

s . (R
y2 sz
Ey2 = Ey], by continuity of the tangential component of

E and therefore does not vgnish. If E X2 vanishes, so
does By2’ and the normal is then given by the expression
for nC If magnet1c coplanarity exists, then v2 is also
coplanar with nc, §], §2, and v].

Magnetic coplanarity may exist without 7] and 72
Tying in the common plane of ;, §], and §2' Suppose a
frame of reference existed where all five vectors were
coplanar; transformation to another frame moving par-
allel to the shock would Teave ;, §], and §2 unchanged
(through order v/c) but would remove V] and 32 from the
plane.

In practice there are reasons to believe that mag-
netic coplanarity does not hold. Electric fields nor-
mal to the shock are often inferred (Neugebauer, 1970).
A high Mach number shock such as the bow shock has tur-
bulence associated with it which may persist ballis-

tically into the downstream region (Tidman and Krall,



1971). If turbulence, or even travelling sinusoidal
waves are present, the Y component of the momentum
moment given above must be changed: the fields become
time averages, as does f, but in addition there are
important purely fluctuation terms when the wave ampli-
tude is comparable with average fields, as here. More-

->
y

c X B does not vanish in the presence of

over, E +
fluctuations. Thus we have scant reason to expect mag-
netic coplanarity to hold, although logically it could
because the conditions spelled out above are only sufficient.

A third method that has been used to find the nor-
mal employs velocity coplanarity (mihalov, Sonett, Wolfe,
1969). This means that 3] - 72 is parallel to the
normal, the tangential component of velocity being un-
changed by the shock. Mihalov et al. find that Pioneer 6
data given better agreement with the magnetohydrody-
namic shock jump conditions using a velocity coplanarity
normal than using a magnetic coplanarity normal.

Figure 1a shows a plot of five second averages of the
magnetic field in solar ecliptic coordinates across three
shock crossings encountered by 0G0O-5 on 3/9/68. The accur-
acy of the field determination at this time has been
checked by comparison with the Ames Research Center mag-

netometer data on Explorer 33. It is believed that the

absolute vector field is accurate to within 1/2 vy at this
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time. The accuracy of the relative field, that is field
differences, within the interval shown here, is limited
only by the quantization window of the experiment, 1/8 y.

Table 1 1lists one minute averages of the vector
field in solar ecliptic coordinates observed at 0GO-5
at four times: at 0546 preceding the first shock encounter;
at 0549 in the magnetosheath between crossings 1 and 2;
in the solar wind again at 0552; and in the magnetosheath
again at 0556 after the final shock crossing.

We shall test these data to determine whether the
model normals derived from average positions of the
shock front are in fact permissible estimates of instan-
taneous shock normals. As stated above,the normal should
be perpendicular to the change in field across the shock.
Table 1 1ists the angle n, between the shock normal and
AB for the three crossings for each of the two models.
The calculation for Model B is based on the third of
Fairfield's three shock models, with A = 0.2164;
B=-0.0986; C = -4.26; D = 44.916 and E = -623.77.
This model implicitly accounts for the abberation of
the solar wind by the earth's orbital motion, and assumes
cylindrical symmetry about the solar direction. We have
used this symmetry in deriving the shock normal at a
position out of the ecliptic plane.

Model A has been used to calculate the shock normal

in two ways: first, assuming the shock to be a surface
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of revolution about the solar direction, and second, assum-
ing the shock to be a surface of revolution about the flow
direction using an aberration angle of 4%, The angle n for
the first case is listed under Model A and for the second
case under Model A'.

The model normals are nearly perpendicular to the
observed AB. Model B, however, appears to be a slightly
better predictor than Model A in this case, and should be
much better than Model A on the distant flanks of the
shock since the Model B surface is a hyperboloid and the
Model A surface, an ellipsoid. On the other hand, the cal-
culation of the shock normal from Model A is far simpler
than for Model B and yields satisfactory results when the
sun-earth-probe angle is less than 60°.

The coplanarity normal has also been calculated. The
angle ¢ between it and the model normals is given in Table I.
Geometrically it is easy to see that g should be 290°—n.

This is indeed the case.

IV. WAVE ANALYSIS

In this section we shall examine the character of the
dominant wave trains encountered near the shock crogsings
shown in Figure la. High time resolution plots showing the
three shock crossings and a section of the magnetosheath
between crossings 1 and 2 are shown in Figures 1b, ¢, and d.
The hourly average proton density and solar wind velocity were
5.1 protons cm'3 and 356 km/sec as measured by the Explorer 33
solar wind probe (J. Binsack, personal communication). During
this interval the solar wind velocity was slowly decreasing and

the density increasing from 440 km/sec and 2 protons cm'3 on

3/7/68 to 350 km/sec and 5 protons cm-3 on 3/10/68.
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The Mach numbers associated with these shocks were
by no means unusual. The Alfven Mach number, MA’ was 7.5,
and the sonic Mach number, MS (using the measured proton

4 Ok and assuming

temperature on Explorer 33 of 7.85x10
Yy = 5/3 and Te = ZTp),ﬁwas 6.2. Measured in terms of

the flow velocity parallel to the normal of Model B, MA

was 6.4 and MS was 5.4. Furthermore, the interplanetary
field was at a large angle to the estimated shock normal.
Using Model B this angle was 64° for the first shock cross-
ing and 58% for the last two crossings. The upstream
magnetic field was nearly perpendicular to the solar wind
flow and was inclined about 30° to the ecliptic. Thus,

the situation does not resemble that of a simple spiral
field from the sun.

.The spacecraft encountered the shock first at
0547:30 on 3/9/68, then twice more within 8 minutes,
entering the magnetosheath to stay at 0554:20. The first
and third crossings show rather clean separation of fre-
quency up and downstream. In the spacecraft coordinate
system Bx and Bz in the third crossing show an extremely
sharp onset of the low frequency upon passing into the
magnetosheath. Because the onset was not so abrupt along
the Y spacecraft axis, the onsets seen in Figure 1d,
which is in solar ecliptic coordinates, are not so
sudden. The g{gdua1ness in the spacecraft Y component

becomes mixed into the other two upon axis rotation.
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The second crossing is a good deal more ragged and may
have been a crossing occurring at a somewhat smaller
relative spacecraft-shock velocity. Alternatively, the
difference in wave structure may be due to the fact that
direction of shock motion in the second crossing is
opposite to that in the other two. The wave trains
which dominate the spectrum of fluctuations in each
region are characteristic of over 80 percent of the 500
shock crossings scanned in the 0G0-3 and 0G0-5 search
coil magnetometer records. Characteristic power spectra
computed over segments of data for the interplanetary
medium just ahead of the magnetic field compression and
for the magnetosheath immediately following are shown in
Figure 2. The spectra derived from the upstream data
show the presence of a band of frequencies centered

- between 0.9 Hz and 2.5 Hz although the upper limit is
uncertain due to the presence of the instrument filter.
We do not expect that it ranges much beyond 3 Hz (0lson
et al., 1970). The amplitudes of the set of upstream
fluctuations generally increases with decreasing distance
from the shock compression, with amplitudes near the
compression reaching a few gammas. Spectra derived from
the downstream fluctuations show a broad spectrum dominated
by a single line. In the cases studied here,the center
frequency of the downstream wave trains does not vary by

more than 0.07 Hz from 0.27 Hz. Their amplitude ,



diminishes with increasing distance from the compression.

A 10 to 15 gamma peak to peak amplitude near the compres-
sion is not unusual. ’

The data were analyzed as follows. A power spectrum
was computed for data intervals in the upstream or down-
stream regibn. The center frequency and bandwidth of
the dominant region in each spectrum was noted. Then,
the data were band-pass filtered and the filtered wave-
form data were analyzed using the variance ellipsoid
technique, which provides the magnitude and orientation
of the wave ellipsoid principal axes. For the case of
a plane electromagnetic wave, the magnetic field pertur-
bation B is normal to the wave normal vector kK and thus
one expects minimal variance along the direction parallel
to the propagation axis. However, this method leaves a
180° ambiguity in the direction in which the wave propa-
gates. . }

We chose to arbitrarily assign K the direction given
by cross products between sequential vectors [ (compare
with method of Dungey and Southwood, 1969). For a wave
which is transversely polarized, the product of sequen-
tial samples should point in a direction approximately
parallel (or antiparallel) to the wave normal vector K.

The magnitude of the product

R. = 1/2 31 x b

i it]
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approximates the area swept out by the perturbation
vector between samples.

Next the scalar product between Ki and the average
background field ?was computed. The sign of this
quantity gives an indication of the direction which the
perturbation field.§ rotates with time around the back-
\ground field in the spacecraft frame. That is, if
E-8> 0, 1? rotates in the spacecraft frame of refer-
ence about the field in a right hand sense; and if
R - B < 0, it rotates about the field in a left hand
sense.

The results can be stated quite succinctly. The
upstream ?rotated about the field in a right hand sense,
the downstream waves in a left hand sense in the space-
craft frame of reference. There are no exceptions to
this in these wave trains. So, although the shock and
satellite are alternately approaching and receding from
each other, the wave polarizations remained the same.
These waves must then be propagating past the space-
craft at a speed great enough that the variations in
shock-satellite motion do not affect their polarization.
The waves were not phase stationary in the shock frame.

The stability of the vectors is illustrated in
Figure 3 which shows the relative orientation of the

average unit vectors B] and 82 as well as £1 and Qz
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with respect to the shock normal. The vector E] remained
. within 15% of its indicated position during the entire
time that the satellite was in the interplanetary medium
within the interval shown in Figure la. During the same
interval QZ remained within 30° of its indicated position
while the satellite was in the magnetosheath.

In Figure 4 the polarized power (see Born and Wolf,
1970) is shown as a function of time, the 1light graph
for the total frequency band below 3.5 Hz (the Nyquist
frequency) and the heavy graph for the band from 0.8 to
3.5 Hz. It may be noted that the high frequency polar-
ized power is found upstream from the shock compression
but decreases rapidly downstream from the compression.
The total polarized power is dominated by the low fre-
quency wave in the magnetosheath. The term sin 28 is
a polarization parameter defined by Born and Welf (1970).
It has the values +1 when the polarization is right
handed and circular, -1 when left handed and circuilar,
and 0 when linear. It may be noted that the right hand
circular polarization is consistent in the interplanetary
medium near the shock. (In this discussion the sense of
rotation of E is with reference to B rather than Q as
in optics.) There is a strong tendency for the polar-
ization to remain Teft handed with a relatively low

ellipticity in the magnetosheath. The ratio of the major
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to minor axes remained less than 3.

The major axis of the downstream waves displayed an
interesting geometrical relationship to the upstream
waves. It was nearly parallel to the propagation vector
of the upstream waves,-as illustrated in Figure 5. This
may indicate some spatial ordering with respect to the

currents in the shock.

V. SUMMARY AND CONCLUSIONS -

The bow shock normal, which is useful in any analy-
sis of shock wave structure, can be derived satisfactor-
ily in these three crossings from a bow shock model.

Under quiet solar wind conditions such a model normal is
very likely superior to a normal computed on the assump-
tion of magnetic coplanarity. First, the latter suffers
from the difficulty of determining the value of the

ambient magnetic field with sufficient accuracy. Further,
we have shown that in the presence of magnetic field
fluctuations, or of an electric field normal to the shock,
the shock normal, the upstream magnetic field, and the
downstream magnetic field are not coplanar. Recent experi-
mental evidence indicates that a normal electric field
exists under some circumstances; also Targe amplitude
magnetic fluctuations are clearly present here. We, there-
fore, discount the coplanarity normal as being of value

here.
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An interval of very steady solar wind conditions,
during which the bow shock crossed the 0G0-5 satellite
three times within less than 10 minutes, was selected
for detailed study. The wave trains up and downstream
from the region of most rapid compression of the mag-
netic field were not stationary in the shock frame
since they exhibited no polarization reversal as the
shock motion relative to the satellite reversed. In
the spacecrafit frame the upstream waves were continu-
ously right hand circular]y‘po1ar%zed and the downstream
waves, left hand elliptically polarized. While the
propagation vectors of the waves did not coincide with
the shock normal or with ambient magnetic fields, it
was noted that the direction of the major axis of the
polarization ellipse of the downstream waves, immedi-
ately downstream from the shock compression, was nearly
parallel to the upstreanm waQe propagation vector. This
observation may be more than mere coincidence.

There is no intent to draw broad generalizations
from the study of one carefully selected shock situation
since the wave structure is undoubtedly influenced by
several factors including the orientation of the mag-
netic field with respect to the shock normal. However,
the solar wind was close to its average condition and
it is probable that the results described may always
be found in some parts of the bow shock under normal

solar wind conditions.
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FIGURE CAPTIONS

Figure 1la
Three bow shock crossings on 0GO-5, orbit 2,
inbound. The magnetic field in gamma is a 5
second average. The coordinates are geocentric
solar ecliptic.
Figure 1b, ¢, d
Expanded time scale (seven points per second)
diagrams of the three shock crossings shown in la.
Figure 2
Two characteristic sets of power spectra, log

2 Hz']) vs. log frequency (Hz). The

power (gamma
four diagrams at the left are for the near inter-
‘p]anetary medium and the four at the right are for
the magnetosheath just inside the region of maximum
field compression. The spectral computations were
for 1024 points with 20 degrees of freedom.

Figure 3
Diagram showing the orientation of several vectors
with respect to the shock normal, N, chosen as the
X-axis. The XZ plane was chosen to include ?he
unit upstream B vector (gl)., §2 is the unit dbw&—

stream B vector; k1 and k2 are the unit up and down-

stream wave normals, respectively, v the unit

sw’
solar wind vector and M, the unit vector of the major

axis of the downstream polarization ellipse.



Figure 4
Diagram showing stability of polarization pattern.
The total value of B is included to show the rela-
tion to shock c;ossings. The light graph in line 2
indicates total polarized power below 3.5 Hz and
the heavy graph indicates polarized power between
0.8 and 3.5 Hz. In the third line sin 28 is a
polarization parameter with value +1 corresponding
to right handed.circular polarization and -1 to
left handed circular polarization.

Figure 5
Diagram showing the relation between the upstream
(Q]) and downstream (Ez) wave normal vectors and
the direction of the major axis of the downstream

.polarization ellipse (ﬁ).
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